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2. wan-machine Communications in a ‘isital System 

The present use of computers in most applicatiuns can be 
classified as one of two categories: 

ae Off-line operations in which a preformulated problem and 
precoded groups of data are fed to the computer along with the pro- 
grams for processing the information. The computation then croceeds 
according to the preplanned program, if all data and prowzrams are 
correct. Upon completion of a successful program, the desired re- 
sults are then dumped from the computer memory to an output media 
for printing and evaluation at some later time. The extension of 
this technique has led to the "closed shop" coiputing center with 
tneir various "auto-monitor" programs in which the inagividual who 
wants the problem solved never sees the computer. T:is technique 
Was prompted by the expense of larse digital computers, MYhe major 
drawback to such a Scneme is that in writing new prorrams or trying 
to formulate new techniques for Solving problems, there is a sood 
emance tor errors whichwalil uot ullow the profriai: to run to com- 
pletion and fay not give any indication of the reasons for sto .,paye. 
The cost of off-line formulation and "de-busving" may be cornpider- 
able in some circumstances. 

b. On-line operations in which the operator is workinr,; in 
meal tite with the computer on a real tile physical problem. lIhis 
type of operation traditionally employs »rograms which are neces- 
Sarily complex to take every possible situation into consideration. 
The role of the man in this system has been to make sinple 'yes-no' 


or similar decisions and to provide a re:ns of accomplishing tasks 


' 


Which pre not automated or vropram ed whet.rer by reason of Jiffi- 
Cueey or just oversight. Examples of on-line operation™ are the 
Military systems (i.¢.)2eGn, RTDS, etc.) 4:d industrial process 
Eomtrors. IG COSe sOf puch ocyStemS are large as tne corguter i= 
usvally in full time use by the system due to the special pur_ose 
hature of the equipments. 

There has been a recent trend to explore the possibilities of 
PerliZzine the best points of both tecnniques in systems: linking 
Man and computer wore closely /1, 2/. In order to accorplish this, 
the basic class of operation must tend toward on-line overation. 
By having a closer link with the computer, the operator can make 
decisions at various points in the process based on real tinue feed- 
backs; examine changes in results due to varying in outs or para- 
Meters in real time; program and cijeck blocks of codin zs easily 
before integration into a more complex program; and cul. up and 
inspect large blocks of information randomly from a l urge werory. 

In order to accoipiish this interaction between —an ano com- 
eter wiile keeninm@ the overall system flexible aud relatively 
inexpensive, certain requirements must be met: (a) a uethod of 
time sharing of the central computer must be imple:xented ,netruer 
by programing or hardware techniques. (b) Displuy ind control 
equipments must be designed to allow the operator to efrectively 
communicate complex ideas to the computer and to allow the com- 
puter (through proper programing) to marie requests on or uisplay 
data to the operator. che first requirement is dictated by the 


desire to perform on-line and off-line computations interiaced in 


time, while the secund is essenti..1 to any closely coordinated man- 
computer system. ‘the specifications of tise shurings systems have 
beei developed in recent literature /238, 29 . It is tie purpose of 
this thesis to develop design criteria and to carry out the design 
of a display and control console which can be applied to many 
different type problems. 

in Qeecompurereortented system the flow of information is as 
shown in Figure 1-1. 

The man-computer interface consists of two uni:-ue parts. fhere 
Mest be a provision for the operator to communicate his desires to 
the computer, ana the computer should have the provision to display 
Pesults or ask for further instructions. ‘Specific technigues for 
accomplishing these functions will be discussed in Chapter 2. 

In order to intellizently use any or all of the possible infor- 
mation available in a complex system, tre dispiay must be abie to 
Select various portions of inforiiation readily and easily. This 
means that the display console itself snould be a coriplex buffer 
and should be able to control the computer's mwemory and progzrcums. 
The tiain control prowrass in the central computer should be tailor- 
ed to the display wnich in turn should pe tailored to the husan re- 
Merrenents 10m Case Of Operation along with flexibility. 

Display updating may be done on any of the following criteria: 

ae Upon receipt of new data by the comouter 
b. Upon a real time interval 
c. Upon request from the display console 


eriority considerations in the case of radar or automatic inputs 
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Figure l-1 
Plow of Information in a Man-Computer System 


versus VYabual inguts shoude arc ve giver dulvoiueration in the de- 
Pie Or MM iven equigmedt. Wuere should Se A methot for overridims 
Pay Orcoeclected priority sequence withert changing the whole se- 
muence. 

the amount of information on a ,iven display must oe selectable 
Oy tem huMan operator. Jf tiierec 15 too much information ur unwant- 
ed information mixed with the desired information, he must ce able 
to remove some portions of tte overall display or be able to expand 
a part of the display on a Secondary display. ‘tie should also nave 
ComnrOleover Sebectume sw 0Ort.c1S Of the display in order to view 
tabular or other inforvation at the sane tine a graprical display 
is being vroduced. 

All of these factors should be considered in tiie desitun of a 
given man-coimputer systen with the main vice lines of the actual 
cOisputer characteristics with Which it is to operate. 

the bro..d requirement for an input tevice is tnat Wn Operator 
Sean reavily adapt to it@@nd cu: communicate his desires to the 
Pommputer in an efficicnt)#anzer. Puis requires tu.t the device uve 
Peomeie? usingea minimdun of controls, tut Witi eacu control 
Oramuely Tabeled ind Sreferably fble to cali in w #enmuence of sub- 
routines. the general purpose (stored proyram) computer is well 
Suited for this type avproach. Sy iserting an executive proc-ram 
into the memory, tne control keys can be utiquely labeled to call 
Miteard execute desired portions of tie program shen, by changing 
the executive prosram, the functions of the cortrols can be charmed. 


mmo y cialeing the labelate of the controls with an “‘overluy", gany 


Mrecias burpUse control comscol#®S tay be Binupeteu. nh See Lt lom.1 
Mevioa for speciiyivs iniorration to a co¥puter is that of «~llow- 
Mae te overator to draw lines or symbols on a Jdisphey surface or 
Some input “sketch pad™. kn interpretive routine ir the computer 
meme: then nave to perform a Betterin reco@Bnition, curve fitting, or 
other similar operation betore taMinzg action. One other desired 
@entrol is closely linked to the display or output device. ‘There 
must be a method for interrogatine the computer about a point, a 
Symbol, or an area on a display for the »urocse of ocotaining ampli- 
Pyans information about the interropated portion. 

The requirements for a display device are eed by bic User. 
perme Of these are physical rewuireme:.ts based on the conStr-2its of 
human reaction tice and visual resolution, while ot'er are besed on 
clarity or recozfition of invorm:ition ‘3/. JLhese iave been listed 
with a brief explunation of each. 

a. Selective sisplsy capability: 
ihe comioucer can fei.erute ond Coli in ite memory a 
large amount of displuy information. she oserator can intelligent- 
ifeuse Only a limited poition of the total sugrly of déta at one 
tame. For example, an aircraft controlier may only be interested 
in traffic within . certain block of altituaes; so, ne should be 
able to call iu to the display only tre re.uresentaticu of tnose 
aircraft within iis volume of control. 
b. Fast response to commands: 
wnen asking for a new piece of iffor.ution of a tis- 


play or when droppin, so#e outdated disple*, tiie res.onse to the 


Command werould .e Fatt Batam to Olio) curtinuity oi Limabent vor 
m@M™e operstor. Me shuld wotOWive to wait ‘or tre coi TO =e 
executed ana the uisplay chaiused. 

c. Number and size of the display “evices Shuuid fit the 
Pease requirenents: 

In a large systei severul incividual o,erators fay oe 
needed for specific tasks. This function nay vest ve imple.seuted 
by using a group of individual operator cursoles workin; on uata 
from a central computer and display generator. In some systems, a 
group of specialists way want to arrive at an optinum decision 
based on inforMation on a central displey. wor this purpose, u 
ese Screen displiy is necessury with a possibility of inpui ting 
comand. from one or more input devices. 

u. ithe display should not flicker: 

PRG = fete ven Of Giiases by tie eye iS suc: tMAt “a 
frspliay is refreshe@ at a rate of about 50 frufles per seconu, .0o 
flicker will result. ‘the flicker of a display will be dependent 
on the storage time of the display elements. tor exauwole, if a 
long persistence phuSphor is used in a cathode ra; tube display, 
toe refresh rate requirefient is reduced, but the time re-uired to 
change the vcosition of any point on the adisptuy or the whole sisplay 
is determined by the decay time of the whosphor. This decay time 
ge depentient on the initial intensity of the display. 

e. skesolution of the display should be greater thin the 
fecolving power of the eye: 


The eye can discrifianate parallel lines separateu by 


antervals ewalel to the line g@idth to VaLueg et 20 Aasesegper uemrec. 
Pommorea Single operator console, af tne @isplay surface is con- 
Sidered to ve the base of an isosceies trian le anu the eye to be 
the apex of this trismngle (actually an isosceles cone), approxi- 
Hmeupely 50% of viewinz angle is included. This dictates tnat tile 
Oteplay Should huve at lekst 2,000 "bins" for unique storaze in 
each direction. To place this into a digital representation for 
computer generation the resolution should be at least li cits. 

f. The contrast and brichtness snould be suci: taat usuuer 
ambient light conditions, the operator will sot be subject to eye 
Serain : 

The iutensity difference between bach round and in- 
Mmemmatlon Should be on the order of thirty to one for nernil usaze. 
Ei the ambient light 1S higit, reflections from tne display surface 
tena to "wash out’' this contrast. .1 cathode ray tube wispluy con- 
Sol¢e that is designed to operate in normal room lightin., needs to 
incorporate a fast phosphor that can be srarSec to m “igh Intemei ry 
level without producing an extended decay tise. 

gs. Accuracy and distortion should be reduced to an 
acceptabie ievel: 

In any display system, the ideal resultin, disolay 
would have perfect registration and focus at «ll points of the dis- 
play. This goal is rarely, if ever, attained due ty hardware con- 
Siderations. For exampie, in a cathode ray tube display there is 
definite defocusing effect at tne eages of the tuce as tne ruth 


ieneto of the electron seam 2s longer. also, the voltw ies lo tro- 
ino} 7 


Geese the deStrew defae@tionrs ir any electroitgtic Beflection tute 
(or conversely the current to produce defsections in an electro- 
Masnetic deflection tube) do not vary liuecarly with th: iiotarce 
meometic center of the tube /4/. Iris lécaw@e co the use vf codven- 
Beeeron CUrcuits 2ietiewcortrel circuitry which can reduce tuese 
Sout Lons to anv acee,; table level. 

mw. 6 Phe comaine= should ollometor a variety of oresent&tions: 

ive requirements ror flexibility encompass Guch ideas 

es color, Size, Shapt, intensity, position and orientation. .nd 
blink rate as a means of attractius attention. .iost ~isplays rs- 
Quire a set of syviMWfols for nurmal usege. these ovld be nuroers, 
mec alpiatet, and any Irequcitly used sysbols. Im aidition, a 
Mernou Of Zeneratine lineS shoulv be incluaet Jor furmin,, sSPecias 
Symbols or line drawin$s. Yhese "vectors" should allow for blank- 
Baie portions of the length while scroceedins alons a Jiven direction 
morechable the furtler coding of lines into dashed lines. 

as (ne feormat for the display shovld suit the usage re- 
quirements: 

Sone examples of formats are textual, tubular, prapni- 
€al, situation cr overluy map plus aefining symbols, line wurawings 
and diagrams, patterns of symbols to show complex situutions, and 
Pictorial symbols to show the status and condition of remote 
elements. The senerel classification can be terwed either fixed or 
free, The tixed format is conSidereu to be a textual cor tabular 


tyve where automatic incrementing and positioning of syvnools is 


@ecomplished on a set of constreints mecn’suized into the hardware. 


. 
ao — . 

ia oe Reet LS (60. iy DALEDHOSEO totoum) § Shur tan rommrts 
re which wu%t bé menemited in t¥s comuuter. 


Phe nuaber of overators and/or viewers of & #kn-computer conu- 


Bewdsts 2 CirectU@eceteane On the requirem@fts 2Gaias oeen previously 


eent sane l> hevew cae -lut0 UWSlHe as the size of Mirect view 


emode ray tubes are Jivited by deflection techniques. «asamoles 
Mercup displays hawe been discusse: in recent P&dlications /5, 6/. 


S thesis will discuss only Siugle operator, sirect view, non- 


@ 


;olored cathode ray tube Sisplays. 


2. wecnnigues for .an-Commuter | calmanicat.on 

pic Teetucds availabe for Droducims Comming Co. coubuter are 
Haimeecly dependent on tie type cOMoyter beings used in £WMe systeu. 
fem nori.| cOmMmMuni cations tne comfuter is in controsz of the data 
dines, und tie executive progra. sust Ssa.ple tre vossibie inputs ..t 
Pprosrammbd' time intervals. For priority comhunications, the 
meeraLor Sniould have the ability to interrupt tie computer and in- 
Bert the necessary comands. ®he nature of any input to the com- 
puter is one of a digitally coded bit pattern Jveoendent on the 
PeutIne® OfMeWitcrhes Or digvtal encoders, and che initiition of a 
command switch. wemecd Cxanple of this type @owmunication is the 
ecnsole tyvewuriter wijich can we used for irnrtut and outout. an ex- 
©Certion to this straightiomward inout teckniaue is that of eoiloy- 
Pees ‘sxetch pada! an ware! the infut taxes the form of movement 
Sieamerobe over a Gisplay or an analog surtuce. In tnese cases, 
the computer must sample the allowable surface at — rate fast 
Pen so thut normal motion of the orobe by tie operator Jemerutes 
@ Smooth input of cudued positional values correspondins, to the ue- 
Sered lities being traced by the probe. In the cbse of a direct 
View catnode ray tube, tiie “rove is a light sensitive »hoto-dioue, 
and the comouter pro jram must disoluy a raster of points about the 
Pere recorded position of tne urobe. Tne new soint is recorGed as 
a teedbace of inforijation of the fosition in tre raster which co- 
aincides with the probe. 

itmemecrm tO produce a visual aiscplay on @chitnode ray tube 


Bimeeace trom a computer outHweL, | certhin alfeunt wf decodimg aid 


Heal 


ppeceooliy Mast Mc COME Sy egch 3 her Wow. rirci Pee wWwAire- 


weiets by the disSpiay sevice “or eOAT Siece of ifor@atioh Bis & wed 
pees «6((a, poOsitiomel MiSormetion, tM... , X eta or ae > eet 


respect to Soie rerereuce (int; (0) cohen ij icrm&tion specifying 
Gharacter or line type, intemsity, and size of symbol or length of 
Tire. The display circuitry must se able to decode tiis inforifa- 
mon and convert its Weaning into the necesSary deflection nd 
intensity signals to produce the desired symbol at the specified 
mecation. 

The symbol formation sijcwels must be surerimposed uvon the 
MOsition=l deflection sivnals. This can be accomplis:..ed by voltage 
Seecurrent summers in the analos deflection circuitry. “Me metnovws 
Of cate.orizinew the various technivuves for symool Generators have 
heen listed in recent publications /7, gnc/s. Phese are dot 
Pattere®, Sscannifn® re@cver, waveforms or strores, and shaped beaus. 

In t&e dot pattern Method, tne symbols are nade by positionixn,, 
fire beam tO a Sequence OY positions derininse the Syecol. at eacn 
point in the sesuence the beam is unblanxed. ‘The result is 4 (roup 
Beecors Oricnted to form tne desired symbol. The formation way use 
a cell of computer memory for each point displ:yed as in tue Y-l 
console display /10/. fhis method is linitea in sveed to the speed 
@aereich memory cycle. m anale@ method for menerating» tire dot 
Mattern has been devised whiclt waxes use of resistor networks /11/. 

Pecolbineatton of SCanhingmemd the dot method are used by the 
meeerecory Boreilectronrics iz tneir Si-% sympol ee.ierxstor. or 


femeomre cod €-ck Syivol in tue set 1s repreweytel oy a seicctable 


a 


Marre Of Magnetic cores. ch, corf®is Ihe a £t LO WA@ition Where 
Oeeoy 1S to aycear in the cHracter. Tne wWRthix LT Hearted by fous 
fiere tie beam ianvunblanked as@® function of the cores. 

A variation om the core scinnda® s;ste@is the Visate /1=/. 
gack. symbol is again represented by a selectable vatrix of wagretic 
cores. in tnis Benerator, the cores are ~ouitioneu so that tuey 
make a double outline of the desired ciuuracter. sive Geiected 
Metrix is then scimned by rows, zud alternute cores turn the beam 
Ppeone Off. This @esuses tne figure to be made un of ge lroup of 
paraliel line segments. 

mre SCunninye method of forming cycracters can he if¥plemwenved 
Poeusine "&iyirns spot scimner techniiues ‘ll: . In tuis method a 
iced “126 ictanming Paster is trovel to a svot on the “e-enator tube 


which coincides with tne desirer. craracter "ake, rie 


© 
es 
< 
[o) 
Oo 
+ 


er iriowe 2 tne beam thet woes through the mos? is foc tm ou a 
feeotomultiplier, and Wht Sitinal Pemur,iified to control te in- 
fPeoeeatty rida of tie display tube. she scan pattern must ce sup r- 
mapoecd on the positional information for deflection signals. Ihe 
Pomognatson cf antcnemty an@ Geflection produces the desired symbol 
on tne aisplay. 

Mie stroke metnoge Ws been used with niuch success in the 
MGalliscope' of Lincoln Laboratories /14, 1>/, t'e symsol ygeneraltr 
Pee than Popa nevrinws Labora@tory, ard the oynkol senerxutor cf peta 
Mteplay, Incorporated. Whe methods of ceriving the defrection ana 


iiremouty stpnals for mack of tivege tec ves vary consicer bio 
oh => . 4 


Merete results achievei ure time sane. fe sy"co.s ure Jo1eu 
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Maetankang the wean Btea sturtin eo tebor ehc™ ci®@ricttr ed tten 
Povo tee uc Cee: WLS it 2s unolanmecd. jolie cOmuiccr s@wrols re- 
Seee Muitipie undlagnrinewnd btlanking& dusing the for:tation sericd. 

fre Sriaped bed@emecooe 15 Used exteMcavely in tne mwiiitery 
displuy systems (SAGs aud iid}. D.e vasis of ti.e system is tie 
Scharectron” tube /16/. he tube has a character mataix Within the 
tube envelope. The character desired must be selected by position- 
ang the beam to the associated figure in the mask by a s:.ail 
electrostatic deflection system. The bean is purposefully ue- 
Moeeiced to Obtain a Imree cross-sectional urea, and tne shaped bean. 
tnat sets througn tne mask is in the outline of the selecte:: symbol. 
Meas Shaped beam 1S then magnetically deflected to tute desired 
Pesatior on the display surieace. 

A coLparative anelysis of these systems has .een accompiisned 
by Lowe, Sisson and Horowitz /7/ Two systens not included in thas 
analysis are the "strand" generator and the "DOI" -enerator. dhe 
respective times for generating a symbol with these s: stems are 4vu 
and 6.0 microseconds. These rates of 25,000 and 150,00) characters 
per second compare very favorably with the other systeus. 

In addition to computer generated displuys on cathode ray 
fupes, a common method for ~he computer to convey information to an 
Operator is through coded and labeled lights. These are extremely 
easy for a computer to initiate, and providing the meaning is 
Pear, can be an economical and efficient way for tile computer to 
feert the operator. The main driwhack for this technijue is the 
relative inflexibility of the feedback and the possibility of 


A 
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a) 


CSc. Cal Tago StemestR Gor an anvaliiegh heSuwen ciffitus con- 
Me sR SUlsGLe Foi Cie AM tal .ontrol uand@witcaalion sevora 


temy overs Sstaled ab rel .oWwee 


Wis unit will srovide character and symbol display 
fecilities tometer vith provasion for direct cais- 
ay Citmea vVadeo cimnewls. In adilition, 2 wil. 
TURCTLO Mee peoVaUe LOr Comvunicaticns welt@een am 
operator and a centrai concuter.~ 


A researen and develonment contract was subse uently =wiried 


meme tA We play, imcogmorateu 4or thie Seeifin aud construcitici. of 


mee unit Wiich Las Since Jeen “4esilvnated a. the JN-u5. “he aitaocr 


eee. Li CONJURCtTiG@ee wit gis. Hene Grashiorn vf tita vistsay, in- 


GCorporated to Sieciry v.nG desbiwn this equipment. ne rehainier oma 


ees thesis will be wevyetes tc the actual design of the su-l5. 
a Siete t Cau rem~enyo KS Bict ited vy the equaipWencs tnat 
muertos be Ccontroliea Hy Gr inmyut lo tae bi-v5. Chere are three 


Peetanct “o.es of Gueraticn 1iterred Hy the remuirements:; 


a Ke 


Beas of tie Video in a2 ul bormat and (2) Gdinitizine of any video 
meturn Wiich May He deter.ained t be a t:.rget .y a vuetection unit 
Bo that thre computer may a: t upon the intormation. 

L 


b. Yo allo® tie oserator ce enter information into tne 


COmput cr. 


Pious Iie waa one to grovi:e for (i= “is-= 


eon a tt me LC ecomul cer LO present tate to Lhe e erator 


meetne form ci Syibvols on Ceeome ray cube cr by OGrawiud 2tte: - 
[Meer to Certain insut Weys 5 2 ostium of li-hts. 


a 


Moe otton, (echnicam Requirements oUm.ary, Jigzital control 


ana Meret ion bebpoOratOr ured, Be. 4 VE 


Ik 


(= a nt on) 
mevy sontri..ct M@osr 2959/0 
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me LOlLLO WT: me rawr nite currespstly instalielh are to act as 


ieee lO the System: 


meee radar are i#s5t™lleaq in the main radar lateratory, are t.e 
following information must oe made aviilable for use in the vD '-65; 
2. Agee information 
b. Main bangll or tafe of pulse ties: izsion 


GC. Vaideotretirnislanaieeich Vall cave any Carlevs absc® 


Wath noise introcuced in tine rruces. 


a. Heieeit ae tommetion in the cise of the Fs ee pigs mee 
a ee OMe OF met LON must Ue converted to ttigit:... 2::formet. on 


mer display sua furtier traye ter to tie digaval processors. 

fac sOuetttal CUmpUuLersS Go ven urated in tee syster are wm larze 
Beale scientific colfjuter, t.e Vontrol vats Corporativh LLO4 /17/ 
mmoee shall aata srocesbor, the Control Data Corvoration 1L0 /lsy. 
These comsuters communicate With external equioment by parallel 
Petea trertsiter lites which are controlled by a sequerce of control 
Seials. Also, an essential oart of the system is tte Control vta 
Corporation 16007 maznetic tape system which contuins circuits for a 
Beare. lite” oseration between tWe 1¢0 and the 160! /19/. 

MmocieG era pertorn Ggiso1tyue trom the comButers to use of a 
Meer Of periphemel equipments, twe followinzs se@uance must be 


performed: 


ay 


cy 


a. OBVuracettons estagiisted Mhti t e ietwret &yii sent 


(exclusive of aii others) by a code. serect signal procce sei by 


Peeoc Sicnal to determine if equipiient is availaile. 
De Lath tremorerred tU Out .ut lines, and &2 Sicnal outout 


meeay 15 sent to all peripheral equipment. 


Gye ile celeered <cUlgmernt (Only) recémnizes tie reudy «and 


accevts the daty, ind at tie sane tine oencs an out ut resuie 
Signal back to the colimuter. 
d. ‘The computer, uoon receipt of the resume sitnal, then 

Preps the data ana@ ready signals snd prepares for the next word 
meester, if any, or Merely continues or t:e internil Trogran. 

Ponder tomer’ orient 1nput ti a commuter £rGn. an extewnat 
equini.et.t, tne computer ro_ram oust be written So trxt it loo .s to 
Seenit any equipment Mas data ready for inout. his “ust te sone 
by coded sense responses wWiich tust be built into the peripneral 
Beutoents. Tre computer, ugon recogj,.i4in., tne source a.u the 
Peesence Of an input word, then sends an injut request Ssisual inic:: 
Pamiatiec. tiat it las acceptea the data =:d allows the equi ment to 
Sroo the SignalS for its dali lines. This sequence must be re eate. 
mor Cacii data word entry. 

In t.e 1604 an avditional inbut jiude has been utilized. This 


Memere ititerrupt Mode. Fis interrupt mode must be wresel.cted by 


a select code in the fro-ram. if the selected interrupt ocecvrs 
Peri tie pre ram, the brograi setuence is '™lted at f'at out. 


imemaieress at tne time of tie "alt is inserted into tlle uf ores: 


Merron Of tue upper hwlf of Werd nutber sevin of the coMPutér . en 


nes 


-, und & Su be Sic to SxedlltA OHe Adwer oid comMmAA UL Jord 


uber seven (note Ofet tife 1004 15 © Sitgie addreBe, te co.wwend 
gord cotjfuter /17/,. Te @mory cell num@ber Severn 6Gioull be 
et Up previously to prove tte duterrupt. dis couin_ should 
PeesutsOn it. Ona junp cobwemls cn oth Hee ves of tac .ond hu 
Smiddress of a prestured ehur@utine in the wdures, Wertior ul 
Peoeer nilf of the@yjord. “Wiis suproutine Must @r @riticu so 
bet it edGeegith an unconcitiongl iump tovll nogb. reeeven, 
fais, Aiter sulving been diterruoted, the subroutine is entered, 
Seeeeatter procéssimieche anterrupt, the contrel can return to tie 
gram step weich wes being processed ut tle tire of tie ister- 
pt. 
iyese then are Bhc Bren c:] Peles bY Mine the ou- > «5. de- 
mea to perform its Functions of cltpweul wind di ‘lay. 
CerteinvOtier Cogmerations 1nehec Petlaict 02 cmt) 2) el a oe 
Mmess ant Tealicabilit® Given served to @ictute t e Wetho: of 
Powmmie Gasic criterI@min tile wcttl s;stem desthn. wWe.e will 
Seen a Comvection se): cTamarcrii® deciéicns Ent t « ve.son- 
DM them 


ie, opty 9) ec Be co. taoer Me Ory uuit. sb EG re- 


“- —- —_— nee 


> 


Peuchtwgs set for tne Atiemense =f freell: <1.@ cotieuters sou 
Sr oeee IN rerresidm@ tue disolays. “Phe retuiremient that 

9@ display ve refreshed every 5 Milticeccuds in order to urtain a 
licker free'' Gisplay is one that is set vu, tue response time ot 
peeves (his dictave> trat 1f the aisplay we:e to uisyluy text 


5,UUUG Characters at sik bits per claracter, then the wit rate 


_ 


moeid be -JU0 UCU 0iteeper Becdid. Te ipue, if owl one channel is 
@ctive, las a fiaximugeomaileier rate of about ™ov,U000 forty-eight bit 
words ser second or avout 2,400,000 nuffered bits per second. The 
1c0 has a trausfer rate of about 80,0 0 twelve-bit words per second 
or about 960,0V0 bits per second (unbuffered). chus, it i» seen 
that the 160 can just bdurely do the static displuy at the necessary 
Mate, and if any chan;je is needed in the ai®Soley, as Would ve the 
Mermal case for moving radar tar§hets, it could not muintain 2 
Steady display. The 1604 is not as critical as it has a buffered 
Soeout, but it stili would be taxed in its buffering capabilities 
ae more than a single channel is b@ing used. 

The use of a self-contained memory also frees the lov4 fron 
EPeeecontrol subroutines which must be returned tc in order to re- 


Start a display cycle. This allows more program time for computa- 


tions. (In a real time air traffic control system with mach one 
eircraft, the computation tines are critical.) 
T e memory packase chosen was » 1024 < 24 bit ferrite core 


memory, iicensed from Control bata vorporation. tie size was 
chosen to compromise between tne 12-brt 1L0 and tie 48-bit loos. 
The cycle time of the meuwory is 0.4 nicroseconds wich is less than 
the 6.0 microseconds required to uvisitlay a character. This allows 
mae inemory cycle to be completed while the lSst c.muracter of the 
Ieevious word is being dispiayed. Thus, for all characters to be 
painted, the total tine involved is: 


(6.4 microseconds per character) (4 churacters per word) 


(1024 words per cycle) = 2¢ milliseconds 
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sue U:iiMilelice G2tinien Lyre Sis Senet fe aU aye. Lic hy 
fdaliseconds reqs tow =f Unie: rupven cyc:m S1seme five miii- 
Secomse. for ubd- tif tue Vata eheh cytfe Without winWicin, a flicker. 


ioe lutercoeeirereoper:t  onb Dsl ec selectives li. the shyei~ 


el I@ycut of units tite Gentro. OEtA worffGietion WY and te 
Semtrol Sata Corporation loU/ Ta,,netic tape GySteugere soc teu in 
mre uo. ». Navelpostgrasuate Stiool colmuting cenver On tae Parst 
fMroor of the sogineeritg pbuilding. tne Uimgit:1 control end Auto.a- 
Bion aimbOrdatory 12s 2ocated on tiie rifth floor -irectly adlsve the 
comeuting center. The .u-05 and the vonutrol Vata veorporaiion 10 
of this system are to ve located in that latoratory. Usage re- 
guiresents dictate that the 10604 #111 not oe aviila.se for use at 
certain tinies (pending the incorvoration of a paraliel vUrocessin, 
Pomitor program). Teas requiiek a lockout be .vailutle Box the 

of 


foot, Bkiso, the loOWMMy be re ulrtd to do fuli time d¢drocestit 


2 


pete SAte .or tic leOM! Wii tre Gata Tiok shotla ce via the bow? 


Suteliite syste: ‘15’ imvevendent of the oren> syste . eames! 
meet Boe, Cauca Nie resiit 15 ti.e€ incurverstiol. da se- 


Zective mode for using tie sytem. 
a. Hee Bo 1y (70 LocBeda cut) 
ee Ore (both Computers ae, CStuviigh code i cate on Se gaith 
the vwu-od-., 
c. lov only {1 us Loctea out, 
Perms 1S realized by a mode Smitci. on the logic cin puis. 
Moe basic oruat tor Vie lay anforfetiau: shuuld be segigentialy 


Gipetics Gisslsy snuuia PiCmuUMeAVeCLOrs mis . thi HS Crructsrs. The 


effets of a Amaflay to Ueetemate]e where ana Weet" ror euch 


ece of intonmat topes. tayedewomly at first seem tnaat « format 
ould be as follows: 


| KO VWrojsalhea yes at 


The nurmal usave of inforniation, hovever, shows that there is 


wee ee 3 ee ee 


Y position | information| 


1 eae we eee. a a am nl 


Msvally a relutionsbhip between idjicent ;ieces of inforuatiou. Ly 
Sere Gorfial t:rped text or & iM n line tW8t nas been bitheu ep Wo te 
@m@snts, the location of tile naxt siece of idAtormatiscn 15 Lb cre- 
mentally connected tc the previous one in some manner. The special 
case would then be tiken us the carriage return for tue ty vu teat 
Or the eud of a line seigent in tHe ebuve vexamiles. 20 01 at 
iafese) positions ‘vould an absolmte location bd 1e Lirun. 
in the case of characters, t.e siormal Mode i® tu ifcbement 
Pegont lezt to right. @Bis mude, alongwith an incre. entink fro us 
to down, has been inciudei in the aesign. 
in the case of vectors, sever 1 nethods were examinea. Lhe 
generation of the vectors is to »e under comvuter ccntrol so that 
format usSins Simple coMputations coul. ce vsed. the follo..3 im 
were the three possicililies! 
Ae igiven a startin@® po.ittion, let the cofiputer s.ecifs a 
meletely variable A‘ and AY. 

Deefslven 2 SUMrlL ue Micomeetion, let t¥e SW ster s.ecifiwa 
mced rumbervor AX and AY in a cde formet. 

Cc. Sliven 2 StarBhige om. te@ot, .ct the comu.rterssemify As 
MAi in +5 de ree increfents i:. coded for.at r.c © liettes Quiwer 


/iemeths. 


ae) 
ita > 


methods a2. und vo. both ref.iré O@ierS or variable length iticre- 
Mental counters in tierr construction. also, method a. Needs a 
completely variable inteusity compensation over the line length 
Variations. Method c. needs increinental up and uown counters only, 
Puceneeds counting fate chaises aid intensity compensation for each 
len-sth of line to be drawn. 

Tie accuracies of methods a. and b. are pre.ater, out tie; 
Sacrifice pecking density, and they require a greater iount of 
NMardware to construct. 

Using this criteria (also keepitt, a six-bit coded vector «.ck- 
age to Le compatible witu the churacter coding size), the design 
maeorporated was that of weétiod c., but alluwin:, for an extremely 
Snort vector so that the error could be Minimizea if tre accuracy 
Wes needed. The use of increnental counters also Muses easier the 
Sequentiai designation of vecturs for forming continuous lines. 

tee Keguiremeny for Dothecuaracters anda vectors dictated that 
a bit be set aside in eaci string deSignator word for "mode". Ihe 
@etzils of display couing will be cuvered in det.il in Unapter 6. 

imere sijeuld be two display tubes, only one of which i: a 
Girect slave to the radar inouts. inasmuch as tiis system is in 
Part oeinzy designed to allow investigition on various di, itil pro- 
Cessing technicues in radar detection, the use for comparative 
G@isplays is desirable. Cne display tube must be avuilabie to uis- 
play video information at any tinue between the “xain bans! aud tie 
haxiuum range time (if redar input has been selected). VOuring this 


tame, all display information from the internwl memory must be 


nt ME SV Maan om of So eect. ete ae} 
Meroe. OM talk Reatiuce . @ Veo went 2S browoerttowmd t be agwink 
_— CoWeen tie Wr jee Ba t cheat oF bite weet acim 
eile secowd (Oe SComimtés eat of ht rayen infjutsWed can be 
Eto MSspIay Srocestei Maly ft Nit Rerowd gay. ays arwlilsen 
emMetion (sick We eine, gy AAMPHRT HH, etc. ). iiiis Lie is 
av Mable to tue MeSiih Se bnd cl te ase 2) tonjinctic 
eth “he dicect re@arwn Splay. 

Rib ine Oise ys cele rr ete el te Ti 2ih@ APal Wea 
Cimwmetatic 1 ieee (Popreme vee ted reotricie@ M1 Lie Wari a 
der Signals and eeepnuter Wisblav.. 


ie fesnUal in rts war bo Allow et 


gees to De used with we etores® Giugywr cu Wer; Sie Ber 


Measure of LORrOiLEty ts accomplimeed! thewmay fm aee of tune 
foutImwes. Why Btiyol Gl cabyaie im A set Of Sutruntuiee I a 
Seticom@ise lienery PUR alinpe Some “fPowmiuit @tcrm ms omf the 

Py to We oohiat PP sor Sreat Ges 2) Wy co a@ale. toe Wa 
Parle Owain cv-riay wf » EW Oe Fatlom tog ihe wit: “ta 
pee vce my cVEr int, catleteiac Wie aect— fFeyeti on > as by 


Pie OPT chetion MOG en WEN 2Acl) seit) eerivet uo MMe 


lay metrd. 


i = 7 

mlectsepic Dare a SRA SMWEDt G8. OT peer d gi tanice ‘ome., 
gfe be % Tiel. Viaecter, Wiel @teme, ectre fatic secu AG 
Eiion vatitttc Gar F!, St8., bi] 


Mey 
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Wn "Miditicdito CGM AoC, (hei Ar ae ree Toc hans 


mmcn té all useS of WE ¢ weulle. ‘HOSE Gee LiMabed as a Suthsed 
tue specixl over dae Tamcisen switches, Sam Teg@tucr Pues fe ve- 
rrea tu as keyboard two. 


The ch@racter @eybcmial’ 1 feferced to ah eefietia ote. Tias 


youard Ss Yede ap se al) the Etoudard nomerals Wod Bisi abet, 
fie@ae ath Special @eMegmcters ta cuanjlete tne heyWamm. snepe yett- 
eros ard thelrecocamegpill SF Raven full tregmrit it Bde er 7. 
ether mmmual Gamuts recuired are a rsnge Switc’. to Wo.ttrs1 the 
Mieplayed racar presentation and wo.e wethod for luc..tin, 8) 
Pa@eutifying Points on the displa,. fhere are twu  u: Ol. ~-@ Tenn 
SccOnpl nie iis Function Mi eit:. wy: 

a. Track ball 

D>. “HNoto e@ttric i3@Met gun 

in the track@bali@method, two shuft position pncovers are 

Pe OPAter Mme tb eoweles, ana a ball in coi.tuct mata wotm iMcouers 
lows the optrator (by ro.lin.. the vall) to ;osition tue e..cuders 
my acctrately. & Syimecl wtll weve t. .¢ Wispleyesu under grotras: 
Mmtrol whose cent®r is located at the AK, £ poBition piven b, the 
faders.) Las, bee callin fOr the pro@ram t< Aisplmwy trac. aimit, 
Msyniol tay je centered over «ny ooirt Si jiiterest, hud teh Bb 


MesecOond Gubroutile this imf@ermatio:n ma, We used to wm ter uem ia- 


v 
eet eowereiand caqumeecor, cellegiich conutai..s this »oinv itr shn- 
Bes cf crafiging t’e gisplay. 


Pema od Cl etre Jieitean co comp ligties tle sa.e DMurpcse, SUt 


Meee positicnec bg ,Weno cver a Jisply,, “2° toen the lisit sens:- 
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Curt 1S meee | 20H ware tive HOPI L bn 02 FO Nine fee o nee 


ight Bun is ii limmtiatec, a civWuit coW Weeitde t. cere ree 


ents Of twat Wemom™ cell™ ae fii. toe cocbtion. 


frou, ot for eed y sJaCth Boiits the tracy tg§.. iti its 
CGiiracy is easter to use. Gesed tpon tyis remoiming, a trace nels 
used in the vb-65. 


The Wisplay shbulG wllow fur gu suxilliury output ch@uuel to 


Bue rmiar @cota. [tn oOpser fo obtain fest Wticiswlien of the com- 


- 7 


peers, ..8., to let them \aerfor: CPRtetion® ate’ sper limacel 
tee prosram@® @rethout Biiterrif tio. Eom sturink Sita), a ae 


Gmkamry cha.hiel to accept tne Gavitizen a, “I (drm Suuuwonent Sith 


Mor odifications) h s ocen provided. o« buffer wehory uuit aus 
Meectated COntrol Circlits Swmiula Ye Wevited betifee.. the radar 
Pane the Commuter ascemmmca tT do tre BPrucessiu, Tf..e radar 
Ocessing Commuter cum tfien cali flor target at its off rate. Lte 
buffer meMory unit must Nave a fast accebS time im order to accevt 
reets at tne raje Gwe are recegwhd (rel. tue saunrs. the access 
a 

me ncecess to te gu tie order of SA) mMeigtyorouls if ye tar sets afe 
pe maemed. This “enuiresmmer comete tet by od eviews b @ juetver 


n 


Prots ouenorrad ilip-flop Bieevite. 


pas 
iy 


S oS ecosep c ulky 
Pible as the pors <i © at OnAr J2 Whte, aul tie rater «fF stu 
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JOums needed snovuld be Simali. 


4. tardware Consiuerstitdn 82d sechunizatiun of vestyn trocecdiure 

In order to desi@u difftal equinie:its to have hit conygunent 
packing deusity and at the same time to allow for easy :.aintain- 
@nee, the com,uter industry has develuped the fullowing techuigue. 
fhe circuits to be used are specified in tersis of tyre (:ulse or 
levei signal) and speed of resporse desired. srrom t!ewe re ,uire- 
tents, a family of circuits can ve designed Wich are coOMpatibie 
emoewrich, b; ianterconnectioy, can oerform the lo j;ical functions 
Bee on, or BCLS These circuits are then placed on printed circuit 
cards either singlely or in small groups. tne system desi ner tren 
need only know the paraneters and liaitations of the family of 
Woeic cards in order to specify the interconnections necessary to 
Peete ne pu.rticular equipment. Tre construction is then conmpletet 
by Wiring the interconnections on a chassis mude up of logac card 
Meerets. in this way all active e1ements ure on the renoveable 
maras to allow for easy replaceme:t ti a favlty cir-uit. 

The togic card family used in t@e design of the m~.5 is 
meanwiy the ucntrol vata Morpuration twnpe us describe. in tyeir 
Memtals /17, 16/ and reported on by J. b. varrell /20’. Iinese 
Cards are designed to operate at cloc« rates up to J.ve ue ,acycles 
4S level signal inverters. The Switching, ueiay is cetween 5V and 
160 namoseconas per card. .aditional carus h ve been develoyved by 
Data Yisplay, Incorporated for tie special uasvs neeued in wis. Ys. 
Phese are in two main categories: (a) Di-ital to analog couversion 
Bers for driving tl.e display behc ane (b) a fast set @! cards to 


feet about 2O Wc fOr tie dispsay of dizitizei r@tr information. 


EY 


- wae oi pel a a 0 
‘ _ —- , oy {Ole 1 hive, - ® fxmh sO pur? ps6 li yaly 
ster in ca i bel RUE A Tomah ss OK ts 


Rompt tor Wee SLE peer 4 eee = HiSeweh to. 
Tee tees Sine hep wae Le tO nee Efe roel. ee ee Ec 


Hecuit is insert WE woe fe Ke cmt Hl Ah it 
Pichi # a> thee (8 4 cee toe che CU. th hie Be 
it .Winwle ijPe Sl siehmer oeed, BT orei ch aioe 
mb) br cafwe 6 Ciao ee Pte ef Slt Tete UlLe pearl Ll @ oes 
L nul towels ingite @ $0 Sel = Me TUMICed. care 6-3 aie 
two béote conti jmrabitws 908 Pee aypiclo y Wen tS démute bor: 
eceone. OWege oasi0 Tiinegsii wee ya ser ‘ae to temic Loe ape 
Bearer to rejlize ang cqlg@bBe lodinal Wintikeun hesired, 
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Peemone Cliaricter at G.0 ViicMseconis. his tine iacliudes the in- 
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U. wsystem Implenientation and Conclusions 

The preceeding chapters described the desi.vn details of the 
functions to be performed ty the Pl)-is5, ‘he complete block diagrams 
for the JD)-5¢ are shown in Figures o-1 and 5-2, The physical design 
moece, Unit requires over 1,500 loric circuit card3. In addition to 
these components, a number of power supplies and the deflection cir- 
cuits for the display tubes are require’, This large number of con- 
ponents, a number of power supplies and the deflection circuits for 
the dlgplay tubes are required. ‘This large number of components 
prohibited a single cabinet desizn for the equipment. The cigital 
loyie has been pluced in a separate cabinet which also contains all 
the low voltae power supplies for the digital circuits and the data 
Line terminations from the computers. The operator's console con- 
tuins the manual inputs and the display tubes as well as tne high 
voltuse ower supplies to control the display tubes, Also incor- 
porated in the operator's console are tha divital to analog convere- 
Bion circuits and the radar video circuits, 

Lhe entire system olock Pad shown in Fivure o-3. the 
pulse abeulitser, video amplifier, and video quantizer ace desivned 
for implenentation on the same size printed circuit curds as are 
eee 1), the digital circuits. This allows tuese circuits to be con- 
twined within tie logic cabinet of the )b-65,. ‘Ine final conli,ura- 
tion of the wWebS Led to tne proposed plicement of tie equipment in 
the Digital .uvtouation and Control Luboriutory a6 shown in igure o-4, 


Thée Lnatallation should be completed by Aucust Igo. 
M 
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fHemayatens daerdebremed, allows 2. sxweut dew. of bro ram.ins 
ieee balityegn: , therefore, a similur ficxibility ial respect to 
wee Of the operator's console. Wo abtewpt will be mide here to 
Proeechart or dictate the tyne of sistem propraus to be usea with 
the yb-65, but a broad overview of possible functions will be under- 
taken. The discussion will be slanted toward cpecification of 
libel for tne various overlays and operatuer keys, jee “irure 8-5 
for & ciasgvam of entire operator's consale, 
The basic eet of eistt overlays could be Specified as fol.iows: 
Se Aiv@eurvelercoe and flicht follewlus 
b. a«aliv intercept and control 
Ce Pro ran composition and de~-bugzing 
Ge wervonechanism deaijn 
& Wetwork synthesis 
f. iibrary information retrieval and update 
uw, idinear propramiing package 
h. $tatietical analysis package 
Aadationul sate uf overdays could be uved by merely chansings the 
ayeter Library tape lu the computing center, These vverlsys nave 
Ewonty unique funetion keya available fur use which tiive the labels 
eesociated with them changed each time the overdny is changed. 
Trane labela and, hence, tne programmed functions should inesude 
faa these funations which are not common to all usage overluys. 
Yhe individual labels and aguociated proyrann cun se vetermined 
Sly Wy actually outlining each overlay pro rem dn conuliderapie de- 


teal, « Few poubible functiond that coulu be associated vith the 


 prosraiming overlay are the selection of the various lansguazes 

to be used for coding. These languazse select keys would set up a 
format subroutine for accevting "symbol keyboarc" infornation, for 
instance, the "tab'! key would produce character spacing which would 
be compatible with the format normally used to input the language 
to the computer. further "step process" key: could be labeled for 
the storing of a completed program on a magnetic tape library or 
for a 'trace'! mode of running for deebugging purposes, 

Those functions which are common to all overlays are to be 
controlled by the ten function keys wnich are associated with light 
feedbacks, but whose labels are not changed with the overlay change. 
Ine possible set of funetions to be programed with these keys are: 

a. Tube "0" display 

te Tube "1" display 

¢. "Display" track ball 

Onn HO0K" tracte ball 

ee “Drop” track bali 

{. inter data 

ge Delete data 

te wwstart process 

i. stop process 

je Load library 
Tiese functions are tentative, but the set of functions described 
are comuon to all the proposed overlays, and the suoroutines in- 
volved should not take many cells of the memory to implement. The 


track ball sequence, as proposed, will entail calling for the dis- 
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flgy Of the trucic ball on a ocarticular tube, and then tne operator 
cin wove the displayed ‘I'B" symbol to the desired position by i.ove- 
went of the track ball. The "hook!!! track ball can then be executed 
.uich can have various meanings depending on the usase overlay. 
Posuible uses of "hook" would be to insert a point or symbol at the 
desi nated spot on the display or the srocete could be reversed, and 
eriorvetion cCorcernins the point whic! .s designated by the "iB" 
Benbol could ve discplaved., ‘The "drup'' track ball could be executed 
miceé@r either e “display” or "nook". This function command could 
litan to delete a symbol or point from the display or drop the "IB"! 
wyubol and/or the amplifying information called up by the hook, The 
"Load, "Start", and "stop" functions are proposed to be associated 
With tne handling of display data within the computer. For instance, 
to enter a line of data could mean to place it into vermanent store 
age Location for processing ufter the temporary (for display pur- 
posea) information has been verified as correct, 

fhe renalining four funetion keys are to be marked with direc- 
tien arrows and are proposed ty he used to move an editing symbol 
over the Gcexosen display tube for purpuses of lucatin»: the position 
fur typing in or erauing information, 

rhe actual operation of a system ae proposed would require an 
overlay to be duserted and a library load exceuted, ‘ine computer, 
When ready to comeence, would llolit tue “ataurt'" process light. The 
operator, upon depreaging the "start! process button, causes the 
eouputer to drun the selected Lijit and start tirourh the executive 


program, Upen reachinu: various, oodlnta in tue vwroorans woere Lafor~ 
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mation is needed From the operator, various lights or \:roups of 
dipshts ure selected “‘on' by the computer. rhe function labels 
peeociated witn tie Japles outline the require. action or in>outs 
to e€ initiated by the operator. 11 this manner of reoly-request- 
Gisplay, the man can thread through the programs in close associae 
tion with the computer until the operator chooses to stop the pro- 
cess by depressing the "stop"! function key. 

It is felt that the flexibility in usage of the command con- 
gole and tne speed and packing density of the display information 
will proviue an experinental device for wan-computer systeus which 


Wildl not ravicly become obsolescent,. 
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